A synthetic whitening composition is proposed as a whitening agent of porcelain tile body with a certain amount for the turning the body colour into whiteness. Active component used in the agent is zirconium silicate and this component is aected by the market speculation.This situation increases considerably the production costs. For these reasons an alternative whitening composition is required. The aim of the study is to prepare new whitening composition without zirconium silicate, with controlling crystalline phases in the porcelain stoneware tile, and to carry out characterization studies (such as XRD, SEM and EDX) and to correlate the whiteness value and the amount and type of crystalline phases in the porcelain tiles.
Introduction
There has been an increase in the production of ceramic coating materials around the world. Turkey ranks as the third in Europe and ninth in the world, when it comes to the production of coating materials (oor tiles, wall tiles, porcelain tiles and decoration products), with a production capacity of about 400 million m 2 /year [1] .
The production of ceramic tiles has been rapidly increasing throughout the world. This increase has occurred especially in the production of colorful porcelain tiles with very dark and very light colors, due to the better technical and aesthetic properties thereof when compared to other products. Moreover, the increase in porcelain tile production is expected to get higher and higher in the years to come. Due to the continuous increase in porcelain tile production capacity and to the competitive environment, both the manufacturers and the researchers focus on the studies on the development of production technologies, as well as on reducing the costs. The number of studies on the use of alternative raw material sources having lower costs in the production of ceramic tiles has increased recently [2, 3] . In addition to these, more environmentally friendly products are achieved thanks to the studies conducted on the utilization of waste materials, and especially for reducing energy costs [4] . We, as Eczacibasi Vitra Karo, also perform such studies and have an understanding of sustainable production by reducing the costs and doing less harm to the environment.
Particularly, in super white and ultra-white porcelain tiles, the fact that zirconium silicate, which is added into the raw material mixture and has a whitening/bleaching eect, is imported, both increases the costs and makes the production dependent on outside sources. Production dependent on foreign sources, causes interruptions in * e-mail: neslihan.tamsu@eczacibasi.com.tr the production in case there is any problem in shipping.
Besides, zirconium silicate, which is used in the whitener, has a variable price, since it is the most aected product by the market speculations. Due to the above reasons, in the present study, the subject of the project is to develop alternative raw material compositions having whitening eect, to replace zirconium silicate, and hence to lower porcelain tile costs, in order to reduce the negative impact of zirconium silicate on the protability. Table I . In order to achieve the same whitening eect in our porcelain structures without using zirconium silicate, experimental studies have been conducted for obtaining our own whitening composition by forming crystalline structures with whitening eect, which can be obtained in the structure by adding various agents. The whitening composition given in Table I is 
Results and discussion
The scanning electron microscope view of the standard porcelain tile structure, with whitener being added, is presented in Fig. 1 . The crystalline phases and the types thereof have been determined by the EDX analyses (chemical analyses) performed using SEM (Fig. 2) . The chemical analysis (Fig. 2) shows the presence of peaks of calcium (Ca), aluminum (Al), and silicon (Si) in EDX diagram (Fig. 2, drawing No. 2) of round crystals, which, in turn, shows that these round crystal forms are anorthite crystals. In EDX analysis of needle-like crystalline structures (Fig. 3, drawing Table II. According to these results, the amount of glassy phase is increased since the rate of melting feldspat is increased;
and due to the use of CaO-containing compositions, the amount of anorthite phase is increased, when compared to the standard. The increase in anorthite amount has ensured the white color value range, as the one provided by the imported material, without requiring the use of zirconium silicate. The scanning electron microscope view of the super white porcelain tile structure with the addition of the whitening composition (Q-10) developed by our own means is given in Fig. 3 . determined by the EDX analyses (chemical analyses)
performed from scanning electron microscope analysis (Fig. 4) . The chemical analysis (Fig. 4) performed from scanning electron microscope shows the peaks of calcium 
Conclusions
In this study, the zirconium silicate crystals were substituted with formed anorthite crystals and the amount of the these crystals was increased. It has been shown that the increase of amount of anorthite crystals provides whitening eect without using zirconium silicate. The newly developed recipe is used in porcelain stoneware production line with lower cost (Table III) . Therefore, new whitening composition can be successfully used as a substitute of the standard whitening composition with the zirconium silicate. The newly developed composition has been prepared without using imported zirconium silicate, which has remarkably decreased the costs, and also eliminated the dependence on foreign materials.
